Objective Postoperative chemotherapy with S-1 or capecitabine plus oxaliplatin is a standard treatment for resectable gastric cancer (GC). However, survival outcomes of stage IIIB-IV (M0) GC cases are still poor. We investigated the efficacy and safety of docetaxel, capecitabine, and cisplatin (DXP) in patients with stage IIIB-IV GC. Methods This was a single-arm phase 2 study that included patients with stage IIIB-IV GC who underwent D2 gastrectomy. Patients received six cycles of docetaxel [60 mg/m 2 on day 1 (D1)], capecitabine (1,875 mg/m 2 /day on D1-14), and cisplatin (60 mg/m 2 on D1) every 3 weeks. The primary end-point was recurrence-free survival (RFS).
Introduction
Gastric cancer (GC) is a major cause of cancer deaths worldwide [1, 2] . Although surgical resection is the mainstay of treatment for localized GC, a significant proportion of GC patients experience a recurrence even after curative surgery [3] . To improve the survival outcomes of patients with localized GC, various adjuvant treatment strategies have been investigated. With its efficacy demonstrated in pivotal trials, adjuvant treatment is now accepted as the standard of care in patients with resectable GC, although there are still differences in the specific strategies utilized in different geographic regions [4] . Perioperative chemotherapy using epirubicin, cisplatin, where extended lymph node (D2) resection is performed in most patients, postoperative chemotherapy with S-1 for 1 year or combined capecitabine-oxaliplatin (XELOX) for 6 months has been considered the standard of care based on the results of the ACTS-GC and CLASSIC trials [5] [6] [7] [8] .
Although the survival outcomes of patients with localized GC have improved with adjuvant treatment, the prognosis for patients with more advanced cancers is still poor. With postoperative chemotherapy, the 5-year recurrence-free survival (RFS) rates of patients with stage IIIB-IV tumors [according to the American Joint Committee on Cancer (AJCC) staging, 6th edition] in the ACTS-GC and CLASSIC trials ranged from 38 to 52 %, whereas the rates were 79-80 % for stage II and 58-61 % for stage IIIA cancers [9, 10] . Therefore, improvements in the efficacy of standard regimens are necessary, particularly for GC patients with tumors at relatively advanced stages.
Intensifying chemotherapy by adding other active agents may be effective in improving the outcomes of patients with more advanced staged tumors. Docetaxel is a good candidate agent for this strategy because this drug has demonstrated efficacy in patients with metastatic or recurrent GC, either as a single agent or as a combination chemotherapy [11] [12] [13] . Furthermore, the addition of docetaxel to fluorouracil plus cisplatin (DCF) demonstrated improved efficacy compared to a doublet regimen in a randomized phase 3 trial (V325) for chemotherapy-naïve patients with metastatic or recurrent GC [12] . In that trial, triplet chemotherapy including docetaxel significantly improved time to progression (5.6 vs. 3.7 months), overall survival (OS; 9.2 vs. 8.6 months), and response rate (37 vs. 25 %). Despite the promising efficacy of the DCF regimen, substantial toxicities (grade 3/4 toxicities and febrile neutropenia were reported in 82 and 29 % of patients, respectively) that accompanied the addition of docetaxel proved to be obstacles to the wide implementation of combination in daily clinical practice.
Many modified DCF regimens that aim to reduce the toxicity while retaining the efficacy of DCF have been investigated in patients with metastatic or recurrent GC [14] . We also modified DCF by substituting capecitabine for intravenous fluorouracil and adjusted the doses of docetaxel and cisplatin [15] . This triplet regimen (docetaxel-capecitabine-cisplatin, DXP) showed favorable efficacy as a first-line chemotherapy in a previous phase 1/2 study for unresectable or metastatic GC with a median OS of 14.4 months, a progression-free survival (PFS) of 7.6 months, and pathologic complete response in 10 % of patients [15] . In another phase 2 trial of DXP for locally advanced, unresectable GC, curative R0 resection was achieved in 63 % of patients after neoadjuvant DXP, and a long-term disease-free interval was noted even in patients with paraaortic lymph node-limited metastasis, despite the fact that this is regarded as a distant metastasis [16] . In addition, DXP displayed a favorable safety profile compared to DCF [15, 16] . Of note, 10 % (4/40) and 4 % (2/ 48) of patients experienced febrile neutropenia in a phase I/II study and a neoadjuvant study, respectively, which are more favorable than the 29 % of patients who experienced febrile neutropenia while on the DCF regimen in the V325 trial.
To investigate DXP in the adjuvant setting, we conducted a phase II trial to evaluate the efficacy and safety of adjuvant DXP in patients with stage IIIB-IV [without distant metastasis (M0)] GC.
Materials and methods

Study design and patients
This study was an open-label, single-arm, phase 2 trial. Eligibility criteria included histologically documented adenocarcinoma of the stomach or esophagogastric junction; curative D2 resection; stage IIIB or IV without distant metastasis (pT3N2, pT4N1-2M0 or pTanyN3M0) according to the AJCC staging system, 6 th edition; an age of between 18 and 70 years; an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1; adequate bone marrow function (absolute neutrophil count [17] [1,500/lL, hemoglobin [9.0 g/dL, and platelets [100,000/lL); adequate renal function (serum creatinine \1.5 mg/dL); adequate liver function [total serum bilirubin less than the upper normal limit (UNL)], aspartate aminotransferase and alanine aminotransferase \2.5 9 UNL, alkaline phosphatase \5 9 UNL); and no prior chemotherapy or radiotherapy.
The study protocol was approved by the Institutional Review Board of the Asan Medical Center, Seoul, Korea, and was conducted in accordance with the principles of the Declaration of Helsinki and the International Conference on Harmonization good clinical practice guidelines. All patients provided written informed consent prior to study entry (ClinicalTrials.gov identifier: NCT00976976).
Study treatment
DXP consisted of the following every 21 days: intravenous docetaxel (60 mg/m 2 ) on day 1; oral capecitabine (1,875 mg/m 2 ), divided into two daily doses, on days 1-14; and intravenous cisplatin (60 mg/m 2 ) on day 1 [15] . Chemotherapy was administered within 3 weeks after operation. Prophylactic use of granulocyte colony-stimulating factor was not allowed. Study treatment was initiated at least 3 weeks after surgery, and patients received a total of six cycles of study chemotherapy unless there was disease recurrence or unacceptable toxicity. Before starting each cycle, an ANC of C1,500/lL and platelet counts of C100,000/lL were required.
Doses of chemotherapeutic agents were modified according to the protocol. Briefly, capecitabine and docetaxel were simultaneously reduced by 25 % with febrile neutropenia, grade 4 neutropenia for [7 days, or grade 4 thrombocytopenia. Dose reduction or interruption was not allowed for anemia if it could be successfully managed by transfusions. Docetaxel, capecitabine, and cisplatin were interrupted for grade 2-3 nonhematological toxicities (except for alopecia and nail toxicity) until the toxicities resolved to below grade 1. A delay in the study treatment of up to 3 weeks was not allowed. Study medications were discontinued when any grade 4 nonhematological toxicities occurred.
Assessment
Baseline assessments included medical history, physical exams, electrocardiography, chest X-ray, computed tomography (CT) scan of the abdomen and pelvis, complete blood counts, serum electrolytes and chemistry, and urine analysis. During the study treatment, adverse events and laboratory profiles were assessed every 3 weeks. After completion of chemotherapy, clinical assessments were performed every 3 months until 2 years after surgery, and then every 6 months for an additional 3 years. To detect recurrences, a chest X-ray and CT scans were performed every 6 months, and an esophagogastroduodenoscopy was undertaken every year for the first 5 years after surgery. Additional imaging studies were performed whenever recurrence was clinically suspected. If imaging findings were suggestive of recurrent disease but not conclusive, rigorous serial follow-up examinations were performed to verify the recurrence, and the date of the first recognition of image findings suggestive of recurrence was defined as the date of recurrence. Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0.
Statistical analysis
The primary endpoint of the present study was RFS, and secondary endpoints were the OS and safety profiles. On the basis of the results of our previous phase 3 trial of adjuvant chemotherapy, which included 158 patients with stage IIIB-IV (M0) gastric cancer and demonstrated a 3-year RFS of 29.4 % [18] , the 3-year RFS rate in patients with stage IIIB-IV tumors receiving adjuvant chemotherapy with a doublet of fluoropyrimidine and platinum was assumed to be 29 % (P0), and we hypothesized that this could be improved to 45 % (P1) with DXP. With an alpha of 0.10 and a power of 80 %, 43 patients were required for this study according to the Simon single-stage phase 2 design. Considering a 10 % rate of loss to follow-up, the target enrollment was 46 patients. RFS was defined as the time from the date of surgery to documented disease recurrence or death. OS was defined as the interval between surgery and death of any cause. Kaplan-Meier curves were used to estimate survival and compared using the log-rank test. Efficacy outcome was analyzed on an intention-to-treat basis. The ratio of the actual dose taken to the prescribed dose was used to calculate relative dose intensity. A safety analysis was conducted in patients who received at least one dose of chemotherapy. Statistical analyses were performed using SPSS statistical software (version 18.0, IBM SPSS Inc., Chicago, IL, USA).
Results
A total of 46 patients with a curatively resected stage IIIB-IV GC between January 2007 and August 2008 were enrolled in this study. Baseline patient characteristics are summarized in Table 1 . Fourteen (30 %) patients were pathologically graded as stage IIIB and 32 (70 %) patients as stage IV according to the AJCC, 6th edition. All patients underwent D2 lymph node dissection, and none had a distant metastasis at the time of study enrollment. The cutoff date for analysis was November 28, 2012.
With a median follow-up of 56.1 months (range 52.2-64.1 months) in the surviving patients, 28 (61 %) patients experienced a recurrence and 27 (59 %) patients died. While locoregional relapse was observed in two (7 %) patients, most patients (n = 26, 93 %) with recurrence showed a distant metastasis ( Table 2 ). The peritoneum was the most common site of relapse (n = 12, 43 %), followed by the lymph nodes (n = 10, 36 %). The 3-year RFS and OS rates were 48 % (95 % CI 36-60 %) and 59 % (95 % CI 46-72 %), respectively, and 5-year RFS and OS rates were 39 % (95 % CI 28-50 %) and 41 % (95 % CI 30-52 %), respectively. The median RFS was 26.9 months (95 % CI 7.5-46.4 months) and the median OS was 43.9 months (95 % CI 29.2-58.7 months; Fig. 1 ). Based on the pathologic stage, the 5-year RFS and OS rates were 50 % (95 % CI 24-76 %) and 57 % (95 % CI 31-83 %), respectively, in patients with stage IIIB, and 34 % (95 % CI 18-51 %) and 34 % (95 % CI 18-51 %), respectively, in patients with stage IV (M0). The differences in the survival outcomes of patients with stage IIIB and IV tumors were not statistically significant (RFS, p = 0.32; and OS, p = 0.14).
The planned six cycles of adjuvant DXP treatment were completed in 40 (87 %) patients. Study treatment was discontinued in 6 (13 %) patients; 3 (7 %) due to the patient's wishes, 1 (2 %) due to disease recurrence, 1 (2 %) due to intolerable grade 3 anorexia and stomatitis, and 1 (2 %) due to transverse colon perforation, which was not considered treatment-related since it was not accompanied by any other treatment-related changes in the intestine. Doses of docetaxel, capecitabine, and cisplatin were reduced in 18 (39 %), 20 (43 %), and 38 (83 %) patients, respectively. Study treatment was delayed in 24 (52 %) patients. The median relative dose intensities for docetaxel, capecitabine, and cisplatin were 77, 66, and 85 %, respectively (Fig. 2) .
A safety analysis was available for all patients. The adverse events associated with DXP are summarized in Table 3 . There was no treatment-related death in our cohort. The most common adverse events of any grade were fatigue (100 %), alopecia (100 %), anorexia (99 %), and anemia (89 %). Grade 3/4 neutropenia occurred in 18 (40 %) patients, and febrile neutropenia developed in 7 (15 %) patients. Grade 3/4 thrombocytopenia was observed in 2 (4 %) patients. Among the nonhematological toxicities, grade 3/4 anorexia, fatigue, and nausea were the most frequent, as reported in 10 (22 %), 5 (11 %), and 5 (11 %) patients, respectively. Among 31 patients whose doses of chemotherapeutic agents were modified, grade 4 neutropenia (n = 18) was the most frequent cause of dose modification, followed by grade 3 anorexia (n = 3), grade 3 asthenia (n = 3), grade 3 febrile neutropenia (n = 2), grade 3 nausea (n = 2), grade 3 diarrhea (n = 2), and grade 4 thrombocytopenia (n = 1).
Discussion
The results of our present phase 2 study show that a DXP triplet regimen is feasible in the adjuvant setting. Furthermore, considering that 70 % of our study population were graded as stage IV (M0) pathologically, our efficacy outcomes appear to be promising for patients with resectable but more advanced disease. In addition, considering the poor prognosis of this patient population, further investigation of this strategy is warranted in a future randomized phase 3 trial.
Although differences in the therapeutic approaches for patients with resectable GC still exist among different geographic regions, adjuvant treatment has been accepted worldwide as the standard of care with proven survival benefits [4] . In East Asia, where D2 resection is the standard surgery for resectable GC, postoperative oral fluoropyrimidine-based chemotherapy has been established as the standard based on the results of the ACTS-GC and CLASSIC trials [7, 8] . Because the pathologic stage is the Phase 2 study of adjuvant chemotherapy with docetaxel, capecitabine, and cisplatin in… 185 most important prognostic factor for gastric cancer, patients with stage IIIB-IV (M0) tumors show poor survival outcomes. In those two earlier studies, however, stage IIIB-IV patients comprised only 13-18 % of the overall study population. Moreover, no stage IV (M0) patient was enrolled for treatment with XELOX in the CLASSIC trial, and only 8 % of patients assigned to the S-1 arm were stage IV (M0) in the ACTS-GC trial. Considering that differences in the clinical features may exist between early and advanced gastric cancer, even though they are resectable, these data suggest that current standard regimens might not be optimal for patients with stage IIIB-IV (M0) gastric cancer. Given that the outcomes of patients with axillary nodepositive breast cancer have been improved with more intensive adjuvant chemotherapy by adding taxane [19] , a similar adjuvant strategy might also be effective for the management of patients with curatively resected but more advanced gastric cancer. Based on the promising efficacy data and tolerable safety profile demonstrated in our previous phase 2 trials, which investigated DXP in the preoperative and first-line palliative settings [15, 16] , we implemented DXP in the postoperative adjuvant setting. In our current study of this intensive triplet regimen, 5-year RFS and OS rates were 39 and 41 %, respectively, in patients with resected stage IIIB-IV (M0) gastric cancer. The median RFS and OS were 26.9 and 43.9 months, respectively. In previously reported long-term follow-up analyses of the ACTS-GC and CLASSIC trials, 5-year RFS rates were 36 % in stage IIIB and 29 % in stage IV with S-1, and 52 % in stage IIIB with XELOX, and the 5-year OS rates were 50 % in stage IIIB and 45 % in stage IV with S-1, and 66 % in stage IIIB with XELOX [9, 10] . Although cross-trial comparison with subgroups of other trials should be done cautiously, our present results appear to be promising for these potentially curable patients considering that 70 % of our cases had stage IV (M0) tumors. In addition, despite the fact that the 5-year survival outcomes of stage IIIB patients in our current study series (50 and 57 %) appear similar to those in the CLASSIC trial in which patients received XELOX [10] , such a comparison may be premature because only 14 patients with stage IIIB were enrolled in our current cohort.
The use of more intensive chemotherapy to improve the efficacy of existing regimens for adjuvant chemotherapy has already been investigated in previous randomized phase 3 trials for overall stages of gastric cancer patients, but all of those studies failed to demonstrate a survival benefit for this strategy [17, 18, 20] . The AMC 0201 trial in Korea compared mitomycin, cisplatin, and 12 months of oral doxifluridine (MFP) with mitomycin plus 3 months of oral doxifluridine (Mf) in patients with D2-resected stage II-IV (M0) gastric cancer [18] . There was no difference between the two groups in RFS [20] . In the ITACA-S trial from Italy, four cycles of FOLFIRI (5-fluorouracil, leucovorin, and irinotecan) followed by three cycles of docetaxel and cisplatin were tested for comparison with 5-fluorouracil/leucovorin (p = 0.97 for RFS and p = 0.87 for OS) [17] . These might represent evidence against the potential role of intensive chemotherapy in patients with curatively resected gastric cancer. However, in more advanced disease, there is a greater chance of residual microscopic disease associated with increased recurrence even after grossly radical excision of tumors. Although subgroup analyses in these studies could not show a survival benefit for intensified chemotherapy in patients with stage IIIB-IV tumors, it is noteworthy that these studies were not sufficiently powered to determine survival differences between these subgroups, and that only small numbers of stage IIIB-IV patients were included.
The lack of reliable previous data for chemotherapy against stage IIIB-IV gastric cancer and the promising outcomes obtained with DXP in our current study argue that further investigation of an intensive triplet regimen is strongly warranted in this patient population. Based on this consideration, a randomized phase III trial (TRIUMPH) of adjuvant chemotherapy for patients with D2-resected stage IIIB-IV (M0) gastric cancer is now ongoing to compare the efficacy and safety of docetaxel, capecitabine, and oxaliplatin (DXO) with those of XELOX, the current standard regimen in East Asia (NCT01935778). As oxaliplatin has replaced cisplatin in the first-line treatment setting for unresectable or metastatic disease based on the results of REAL-2, and the oxaliplatin-capecitabine doublet is now regarded as one of the standard adjuvant treatments [21] , we used an oxaliplatin-containing triplet DXO regimen for this phase III trial instead of DXP.
The adverse events associated with DXP were comparable with those noted in our previous phase 2 trials [15, 16] , and there was no new toxicity of DXP observed in this study. Compliance with adjuvant chemotherapy is generally well known to be poor following a gastrectomy, but this triplet regimen was found to be well tolerated, although toxicities seem to be increased compared to a single agent or doublet, as expected. Among grade 3 or 4 events, neutropenia, anorexia, fatigue, and nausea represented the most common toxicities associated with adjuvant DXP. Although the incidence of severe neutropenia was previously reported to be higher than that with XELOX in the CLASSIC trial [8] , there was no treatmentrelated death, and most toxicities were manageable with prompt dose modifications. In particular, 39 % (18/46) and 15 % (7/46) of patients experienced grade 3 or 4 neutropenia and febrile neutropenia in this study, which is more favorable than the corresponding values, 82 % (181/ 221) and 29 % (63/221), noted for patients on the DCF regimen in the V325 trial. In our current study, the 6th edition of the AJCC staging system was used to stratify patients with stage IIIB-IV, although the staging system was subsequently revised to the 7th edition. We chose to use the 6th edition of the AJCC staging system because our study was planned before the publication of the 7th edition. In addition, because previous pivotal trials for current standard adjuvant chemotherapy were conducted based on the AJCC 6th edition, we believed that the efficacy outcomes in our current analyses would be more readily comparable with those of previous trials.
In conclusion, adjuvant DXP is feasible and effective and warrants a phase 3 trial for patients with completely resected stage IIIB-IV (M0) gastric cancer. This indicates that there is still room to improve the survival outcomes of patients with localized but more advanced disease. An ongoing phase 3 trial comparing an adjuvant triplet regimen with a doublet regimen will likely address the role of intensive chemotherapy in this patient population.
